Materials and methods
All reactions were carried out under argon using oven-dried glassware. TLCs were performed on silica gel GF254; unless otherwise indicated, all reagents were obtained from commercial sources. Chromatograms were visualized with UV light (254 and 360 nm). Flash column chromatography was performed on 200-300 mesh silica gel. Melting points were determined using WRR melting point apparatus and were uncorrected. Commercial reagents were used without further purification. Anhydrous solvents were dried from 4 Å molecular sieves. 8, 26.0, 28.8, 29.1, 65.0, 68.9, 120.7, 123.6, 128.5, 129.7, 130.6, 133.1, 138.9, 146.3, 158.7, 166.8, 192 26.0, 29.2, 31.7, 32.9, 35.1, 65.0, 68.5, 70.7, 115.2, 121.1, 121.5, 122.1, 122.3, 128.5, 128.6, 129.7, 130.6, 133.0, 135.6, 137.3, 140.3, 149.1, 151.2, 154.8, 158.0, 166.8 26.7, 29.7, 32.0, 33.7, 36.0, 62.9, 66.3, 71.9, 116.6, 122.5, 122.7, 124.7, 126.9, 127.7, 129.1, 129.3, 129.9-130.7 (m), 131.7, 134.8, 136.0, 134.4-144.7 26.9, 27.7, 28.8, 30.2, 31.8, 35.3, 46.6, 56.0, 56.7, 65.1, 68.2, 107.6, 108.3, 115.6, 117.7, 121.5, 121.7, 122.1, 123.0, 123.4, 125.2, 125.8, 126.5, 127.1, 127.3, 128.1, 128.9, 130.4, 131.5, 132.5, 135.3, 137.6, 137.8, 144.9, 145.0, 146.9, 147.0, 147.5, 151.8, 154.4, 154.5, 158.5 
The dynamics of the oxidation reaction controlled motion of R powered by BTAIB
Experimental method. The rotaxane R was dissolved in 0.5 mL CD2Cl2 (c = 2 mM). And then, 0.5 equiv TEMPO and excess (25 equiv) i-PrOH was added to the solution. When 2 equiv BTAIB was added, the 1 H NMR data was recorded immediately as the t = 0 h point. Then, the data were recorded at t = 0.5 h, prepare RH in solution after adding 0.5 equiv or 1.0 equiv TEMPO and excess i-PrOH. Then, the chemical fuel PhIO (2 equiv of TFA) was added to the solution to trigger the normal operation of the whole system. The NMR data were recorded in different time.
Fig. S18
1 H NMR of the motion of R in different time (0.5 equiv tempo).
Fig. S19
1 H NMR of the motion of R in different time (1.0 equiv tempo).
Repeated Chemically Fueled motion
Experimental method. The mother solution was prepared according to the method mentioned above.
Then the first port of PhIO was added to the mother solution and the NMR date of the whole process were recorded. After this process, the second port of PhIO was added to the solution and the NMR data of the process were recorded. Four repeated chemically fuelled motion were recorded.
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Fig. S20
1 H NMR (300 MHz, CD 2 Cl 2 , 298 K) of (a) R, (b) R + 0.5 equiv tempo + 25 equiv iPrOH and four cycles of motion.
